Energy allocation has become one of the most significant issues in the future dense heterogeneous networks, such as the 5G system. In this paper, we surveyed the literatures about how to make use of game theory and microeconomic theory (e.g., action theory) based approaches to resolve the issue of resource allocation. Several key points have been addressed in the discussion section, from system modelling and the studies in C-RAN and HetNets.
. An example of future cellular networks. Therefore, energy efficiency in future cellular networks is very important for both users and network operators in the global communication industry. There are several significant research questions which we should pay attention, such as:
• How to allocate the limited energy supply in access network, fronthaul and backhaul links, respectively? • How to apply pricing for energy allocation with purpose of increasing efficiency?
Energy Allocation Based on Game Theory and Auction Theory
Research into energy allocation problems in wireless networks by using game theory and microeconomic theory (e.g., auction theory) has become increasing popular in recent years, which are shown in Table 1 , where the first four studies focus on the game theory and the microeconomic theory is investigated in the last four papers in this table.
Different game theory based approaches have been employed in many previous studies. For instance, the study [2] employs a Stackelberg game to optimize the relay selection and power allocation without acquiring knowledge about Channel State Information (CSI) in advance. Shi et al in [3] propose a game-theoretic framework to study the issue of the multi-user power control in a multi-cell multi-hop wireless network. A multiuser single-relay network is presented in [4] , where the interaction between a relay and multiple users is modeled as a two-level Stackelberg game and the Kailai-Smorodinsky bargaining solution (KSBS) is employed for the fair relay power allocation. In [5] , the Nash bargaining solution (NBS) as a well-known cooperative solution concept is employed to get an optimal signal-to-noise ratio (SNR).
Additionally, the microeconomic theory based methods have been investigated recently. For investigating the relay power allocation among users two auction mechanisms, the SNR auction and the power auction, are addressed in [6] , where the existence and uniqueness of a Nash equilibrium is proved in both of the auctions. A power trading game with QoS constraints for single source multi-relay system is studied in [7] . In [8] , a Vickery-Clarke-Groves (VCG) based truthful auction mechanism is developed, where the relay nodes as producers to sell their services to source nodes, and the base station as an auctioneer determines winners and clearing prices. However, it is assumed that each relay only serves a single user and a user only selects a single relay. A distributed ascending-clock auction-based algorithm for multi-user multi-relay power allocation problem is deployed in [9] , where each user reports its optimal power demand to each relay node in response to the price announced by the relay. Moreover, it is proved that the proposed distributed algorithm enforces truthful power demands and converges in a finite number of time steps to the unique Walrasian Equilibrium (WE).
Besides, there are also some studies about resource allocation problems by using game/ microeconomic theory in the emerging field of cognitive radio networks (e.g., [10] , [11] and [12] ). For instance, the authors in [11] have proposed a novel Nash Equilibrium (NE) based on Variational Inequality (VI) to solve the resource allocation problem in cognitive radio systems. Spectrum trading in cognitive radio networks is studied in [12] , where a non-cooperative game is formulated to model the competition among users and an iterative algorithm is proposed to obtain the NE of the game.
However, none of the above methods are proposed in the future cellular networks, for example, specifically for the future dense heterogeneous networks as well as the mobile edge cloud scenario with access fronthaul and backhaul links. 
Discussions
Resource allocation (e.g., energy allocation) across various networking layers encounters different design constraints and parameters, and different formulations of resource allocations need to be studied by employing different optimization tools. In a future study four challenges should be considered, from building system models to verifying the proposed approaches.
Building System Models
Due to the increasing mobile-broadband traffic and the raising expectation on new applications for higher data rates in the uplink and the downlink of mobile networks, creating a heterogeneous network by adopting low power nodes is an attractive approach to satisfy these traffic demands, performance expectations, energy and cost requirements.
Resource Allocation in C-RAN
It is important to deal with the resource allocation in C-RAN architecture network from the perspective of game theory and microeconomic theory. It should focus on studying how to allocate the limited resources in the fronthaul link between C-RAN and a number of RRHs, as well as the allocations between RRHs and user equipment (UEs).
Resource Allocation in HetNets
It should study the methods of resource allocation between base stations (BSs) and UEs in a heterogeneous network, also from a game/microeconomic theory perspective. Several game theory and auction theory based approaches should be studied for resource allocation in C-RAN and HetNets networks, for instance:
• Optimization theory (e.g., [13] ): including linear [14] , convex, non-convex (global) methods.
• Game theory (e.g., [15] - [21] ), including non-cooperative game, Stackelberg game, bargaining game, cooperative game and variational inequality (VI) approach.
• Microeconomic theory (e.g., [22] - [24] ), including VCG auction, ascending-clock auction, adaptive clinching auction and proportional share auction.
Comparison and Assessment in a Hybrid Architecture Network
Base on the studies for the resource allocation in C-RAN and HetNets networks, it should compare the performances of proposed approaches in a hybrid architecture network from different aspects [25] - [30] .
Summary
In the future dense heterogeneous networks, like the ongoing 5G networks, the issue of resource allocation has become one of the most significant ones. In this paper, we surveyed the literatures about how to make use of game theory and microeconomic theory (e.g., action theory) based approaches to resolve the issue of energy allocation. We also discussed several key in the paper, while using game theory and microeconomic theory based approaches, from system modelling and the studies in C-RAN and HetNets, that might inspire researchers in this field.
